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Amendments to the Claims 



1 1. (currently amended) Functionalized zircofliiim oxide particles comprising: 

2 surfaces comprising a total quantity of hydroxyl groups comprising a complexed 

3 fraction of hydroxyl groups comprising a reactive portion of hydroxy! groups 

4 and a less reactive p>ortion of hydroxyl groups; 

5 said reactive portion of hydroxyl groups being complexed with functionalities 

6 selected from the gm 

7 hindrance, functionalities with low steric hindrance, and a combination 

8 '. ( .' thereof; . • ' "'.)..'•. \' " V 

9 said less reactive portion of Hydroxyl groups being complexed with said 
10 functionalities with sa i d ^o u p s h a v ing a low steric hindrance. 

1 2. (previously presented) The ftmction^lized zirconium oxide particles of claim 

v 2 1 wherein said functionalities having a low steric liindrauce comprise mobile adhesion 

3 promoters and said functionalities having a high steric hindrance comprise organo functional 

4 coupling agents. , 

1 3. {previously presented) The funetionilized zirconium oxide particles of claim 

2 1 wherein said complexed fraction of hydroxyl groups is effective to produce a coagulation 

3 point of about 1 minute or more. 

1 4. (previously presented)The functionalized zirconium oxide particles of claim 1 

2 wherein said complexed fraction of hydroxyl groups is effective to produce a coagulation 

3 point of about 1 hour or more. 
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1 5. (previously presented) The functionalized zirconium oxide particles of claim 

2 2 wherein said complexed fraction of hydroxyl groups is effective to produce a coagulation 

3 point of about 1 minute or more. 

1 6. (previously presented) The functionalized zirconium oxide particles of claim 2 

2 wherein said complexed fraction of hydroxyl groups is effective to produce a coagulation 

3 point of about 1 hour or more. 

1 7. ^previously presented) The functionalized zirconium oxide particles of claim t 

2 wherein said complexed fraction of hydroxyl groups is about 50% or more of said total 

3 quantity of hydroxyl groups. 

1 8. (previously presented) Th6 fanctionalizod zirconium oxide particles of claim 

2 2 wherein said organo functional coupling agents are irreversibly complexed with said 

3 reactive portion of hydroxyl groups. 

1 9. (currently ^^ei^ed) Thef^ 

2 wherein said coxaplexed fraction of hydroxyl groups eorn pris e s- is substantially all of said 

3 total quantity of hydroxyl groups. 

1 10. (currently amended) The functionalized zirconium oxide particles of claim 2 

2 wherein said complexed fraction of hydroxyl groups compris e s - is substantially all of said 

3 total quantity of hydroxyl groups. 

1 11. (currently amended) The functionalized zirconium oxide particles of claim 3 

2 wherein said complexed fraction of hydroxyl groups comprises is substantially all of said 

3 total quantity of hydroxyl groups. 
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1 12. (currently amended) The functionalized zirconium oxide particles of claim 4 

2 wherein said complexed fraction of hydroxyl groups comprise*! " is substantially all of said 

3 total quantity of hydroxyl groups. 

1 13 v (currently amended) The functionalized zirconium oxide particles of claim 5 

2 wherein said complexed fraction of hydroxyl groups oompriaoQ is s ubstantially all of said 

3 total quantity of hydroxyl groups. 

1 . 14. {currently amended) The functionalized zirconium oxide particles of claim 6 

2 wherein said complexed fraction of hydroxyl groups eerapirift^- ts substantially all of said 

3 total quantity of hydroxyl groups. '.,-/' 

1 15, {previously presented) Functionalized zirconium oxide particles comprising a 

2 surface comprising a total quantity of hydroxyl groups comprising a complexed fraction of 

3 hydroxyl groups and an uncompleted fraction of hydroxyl groups, said complexed fraction 

4 of hydroxyl groups hieing effective to produce a coagulation point of aljout one minute or 

5 more after removal of a solvent from a mixture of said zirconium oxide particles and a matrix 

6 resin.-' • . •'/: : ' . : •/ • . 

1 16. (previously presented) The functionalized zirconium oxide particles of claim 

2 15 wherein said complexed fraction of hydroxy 1 groups is effective to produce a coagulation 

3 point of about one hour or more after removal of a solvent. 

1 17. (previously presented) The functionalized zirconium oxide particles of claim 

2 1 5 wherein said complexed portion of hydroxyl groups comprises a less reactive portion of 

3 hydroxyl groups complexed with a mobile adhesion promoter and a more reactive portion of 

4 hydroxyl groups complexed with an organofunctional coupling agent. 
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1 18. (previously presented) The functionalized zirconium oxide particles of claim 

2 16 wherein said complexed portion of hydroxy! groups comprises a less reactive portion of 

3 hydroxyl groups complexed with a mobile adhesion promoter and a more reactive portion of 

4 hydroxyl groups complexed with an organoftmCtional coupling agent. 

1 19. (previously presented) The functionalized zirconium oxide particles of claim 

2 17 wherein the brganofunctional coupling agent also comprises an adhesion promoter. 

1 20. (previously presented) The iunctionalized zirconium, oxidie particles of claim 

2 18 wherein the organofunctional coupling agent also comprises an adhesion promoter. 

i . \ 2i r i26; (Canceled^) •'■ r 

1 27. (withdrawn) The fiinctiohalizcd T^rconium pxide particles of claim 3 further 

2 comprising an alloying element selected from the group consisting of aluminum, phosphorus, 

3 gallium, gemitoium, barium, strontium/ yttrium, ^niobium, antimony, cesium, and 

4 combinations thereof. 

1 28. (withdrawn) The fictionalised zirconium^ of claim 4 further 

2 comprising ah alloying element selected from the group consisting of aluminum, phosphorus, 

3 gallium, germanium, barium, strontium, yttrium, niobium, antimony, cesium, and 

4 combinations thereof, 

1 29. (withdrawn) The. fwctionaUzed zirw particles of claim 1 further 

2 comprising an alloying dement selected . from the group consisting of aluminum, phosphorus,. 

3 gallium, germanium, barium, strontium, yttrium, niobium, antimony, cesium, and 

4 combinations thereof. 
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1 30. (withdrawn) The functionalized zircomum oxide particles of claim 22 

2 further comprising an alloying element selected from the group consisting of aluminum, 

3 phosphorus, gallium, germanium, barium, strontium, yttrium, niobium, antimony, cesium, 

4 and combinations thereof. 

1 31. (withdrawn) The functionalized zirconium oxide particles of claim 17 further 

2 comprising an alloying element selected from the group consisting of aluminum, phosphorus, 

3 gallium, germanium, barium, strontium, yttrium, niobium, antimony, cesium, and 

4 combinations thereof! 

1 32. (withdrawn) The fenctioniedized ar6^ of claim 18 further 

2 comprising an alloying element selected from the group consisting of aluminum, phosphprus, 

3 gallium, gerrhanium, barium, strontium, yttrium, niobium, antimony, cesium, and 

4 combinations thereof. Y 

. 1 . 33-38. (Canceled.) V/.fV ,\- : : ;i y ' ':•■:'./■• ; . ■ 

1 : 39. (withdrawn) The ^^ fi^ zirconium oxide particles of claim 1 further 

2 comprising a mixture tom^ r^in comprising monomers comprising functional 

3 groups polymerizable with said organofiihctional coupling agents. 

1 40. (withdrawn) The functionalized zircojiium oxide particles of claim 2 further 

,2 comprising a mixture comprising a matrix resin comprising monomers comprising functional 

3 groups polymerizable with said organofunctional cbiipling agents. 

1 41. (withdrawn) The functionalized zirconium oxide particles of claim 5 further 

2 comprising a mixture comprising a matrix resin comprising monomers comprising functional 

3 groups polymerizable with said org^o functional coupling agents. 



8 

RESPONSE TO FOURTH OFFICE ACTION 
09/726,769 



-PAGE 9/36 * RCVD AT 4/29)2004 2:58: 19 PM IE astern Daylight Time] * SVR:USPt6^FXRF-1/3 " DNIS:8729306 * CSID:71 3 334 5157 • DURATION (mm^s):31-34^^ 



Hpr 2St 2004 1:02PM Paula D, horris J« Rssocia (713) 334-5157 



1 42. (withdrawn) The functionalized zirconium oxide particles of claim 6 further 

2 comprising a mixture comprising a matrix resin comprising monomers comprising functional 

3 groups polymerizable with said organofunctional coupling agents. 

1 43. (withdrawn) The functionalized zirconium oxide particles of claim 17 further 

2 comprising a mixture comprising a matrix resin comprising monomers comprising functional 

3 groups polyrnerizable with said organofunctional coupling agents. • , 

1 44. (withdrawn) Tli^ zirconium oxide particles of claim 18 further 

2 comprising a mixture comprising a matrix resin comprising monomers comprising functional 

3 groups polymerizable with s^ 

1 45. (^withdrawn) The functionalized zirconium oxide particles of claim 39 

2 comprising an average dianieter effective to permit curing of said mixture by 
. 3 photopolymerization. 

1 46. (withdrawn) The functionalized zirconium oxide particles of claim 40 

2 comprising an^ ;^ effective to permit curing of said mixture by 

3 photopolymerization. 

1 47. (withdrawn) The functionalized zirconium oxide particles of claim 41 

2 comprising an average diameter effective to permit curing of said mixture by 

3 photopplymerizatioit \ 

1 48. (withdmwn) The functionalized zirconium oxide particles of claim 42 

2 comprising an average diameter effective to permit curing of said mixture by 

3 photopolymerization. 
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1 49. (withdrawn) The functionalized zirconium oxide particles of claim 43 

2 comprising an average diameter effective to permit curing of said mixture by 

3 photopolymerization, : 

1 50. (withdrawn) The functionklized zirconium oxide particles of claim 44 

v 2 comprising an average diameter effective to permit curing of said mixture by 

: 3 photopolymerization. 

1 5 1 . (currently am 

2 wherein a sufficient quantity of said mactiye portion of hydroxy! groups is complexed with 

3 an orgariofimctipnal coupling agent to provide traoturo tbUghne s fl of a ouy e d compo s i te 

4 n»m|iH;;ing nt*d- function ali zed ziiconium oxide partioles that ufton addition to a resi n and 

5 curing to form a tilled composite: the cured filled composite has a fracture toughn ess 

6 substantiall y die same as said resiri alone/ Upon curing. 

1 52. (currently amended) The fimctiqna^ of claim 5 

2 Wherdh a ^ complexed with 

3 said organo functional coujplirig ajgbn t to provide fractur e toughnet^ of-a eurod composite 

4 ^tiriipri<apg n nul " ''fi yni ntinnftl i sriid ' ftirooniunt oxido parti cl e fl that, upon addition, to a resin and 

5 curing to form a filled composite, the cured filled composite has a fracture toughness 
£ substantially the same as the cured resin alone, upon curing. 

1 53. (currently amended) The ftinctionalized zirconium oxide particles of claim 6 

2 wherein a sufficient quantity of said reactive portion of hydroxyl groups is complexed with 

3 said organofunctional coupling agen t to provide fracture toughness of o cured oompo o ite 

4 <yvmpr4fH r g /mid funott on nl i zed zireonium oxide p a rticles that, upon addition to a resin and 
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5 curing to form a filled composite, the cured filled composite has a fracture toughness 

6 substantially the same as the cured resin alone, upon curing. 

1 54. (currently amended) The functionalized zirconium oxide particles of claim 17 

2 wherein a sufficient quantity of said reactive portion of hydro xyl groups is complexed with 

3 said organofunctional coupling agent to provide fracture toughness of a cur e d compo s ite 

5 curing to form a filled c<>mp6<;it^ the , cured filled composite has a fracture toughness 

6 substantially the same as the cured resin alone; upon ciuinu. 

1 " . 55. (currently amended) 18 

2 wherein a sufficient quantity :of said reactive portion of nydroxyl groups is complexed with 
: 3 said organoftmctionaL coujpUng ^gent-to i^ovide fracture toughness of a cur e d compo s it e 

4 comprising tiaid functiorializod ^retmtum oxide purtiulej that upon addition to a res in and 

5 curing to form a filled cbiiiposite. the ctired filled composite has a fracture touglmess 

6 substantially the same as foe cured re^tn ^l one-updn curing. 

1 56. (previously pr^entod) The functionalized zirconium oxide particles of claim 2 

2 wherein the organofunctional w 

3 the group consisting of one or more vinyl , groups, acryl groups, epoxy groups, and methacryl 

4 groups. \ . ' =, ' 

1 - 57. (previously presented) The fictionalized zirconium oxide particles of claim 5 

2 wherein the organofunctional coupling agent comprises a polymerizable group selected from 

3 the group Consisting of one or more vinyl groups, acryl groups, epoxy groups, and methacryl 

4 groups. • ' - ' '• 
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1 58. (previously presented) The fimctionalized zirconium oxide particles of claim 

2 6 wherein the organofunctional coupling agent comprises a polymerizable group selected 

3 from the group consisting of one or more vinyl groups, aery 1 groups, epoxy groups, and 

4 methacryl groups. 

1 59* (previously presented) The fiinctionalized zirconium oxide particles of claim 

2 17 wherein the organofuncU^ agent comprises a polymerizable group selected 

3 from the i^oiip ^nsis^ng of one Or rtipre vinyl groups, acryl groups, epoxy groups, and 

4 methacryl groups. ''').■■'[ ■'■ . " v^v : : ; -V ■ ; ' ^ ' 

1 60. (previously presented) The functionalized zirconium oxide particles of claim 

2 18 wherein the organofunctional coupling agent comprises a polymerizable group selected 

3 from the group consisting of bne or more vinyl groups, acryl groups, epoxy groups, and 

4 . methacryl groups. . ^ -' 

1 61. (previously presented) The functional zirconium oxide particles of claim 

2 56 wherein the org^otuncUpn^ coupling agent comprises a limctionality selected from the 

3 group consisting of mqrio-, di-^ ind tri-funbtional silancs, isocyanates, zirconates, 

4 aluminozirconates, zirconyl methacrylate, titanates, and phosphonates. 

1 62. (previously presented) The fiinctionalized zirconium oxide particles of claim 

2 57 wherein the organofunctional coupling agent comprises a functionality selected from the 

3 group consisting Of mono-, di-, and tri- functional silanes, isocyanates, zirconates, 

4 aluminozirconates, zirconyl methacrylate, titanates, and phosphonates. 

1 63. (previously presented) Th functionalized zirconium oxide particles of claim 

2 58 wherein the organofunctional coupling agent comprises a functionality selected from the 
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3 group consisting of mono-, di-, and tri-functiqnal silanes, isocyanates, zirconates, 

4 aluminozirconates, zirconyl methacrylate, titanates, and phosphpnates. 

1 '64. (previously presented) The fiinctionalized zirconium oxide particles of claim 

2 59 wherein the organofunctional coupling ageiit comprises d functionality selected from the 

3 I group consisting of mono-, di-, and tri-functional silanes, isocyanates, zirconates, 

4 aluminozirconates, zirconyl methacrylate, titaimtes, and phosphpnates* 

1 65. (previously presented) The fiinctioiializedi zirconium oxide particles of claim 

2 60 wherein the organofimctiohal coupling agrat comprises a functionality selected from the 

3 group consisting of mono-, di-, and tri-funqtional silanes, isocyanates, zirconates, 

4 aluminozirconates, zirconyl methacrylate, titariates, arid phosphonates. 
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1 66. (currently amended) The functionalized zirconium oxide particles of claim 2 

2 wherein the organofunctional groups are hydrolyzable zirconates having the following 

3 general structure: 

4 R 1 -O- Zr-(OR 2 >3 

5 . wherein ■ ^ •. ; 

6 R 1 is selected from the group consisting of hydrolyzable alkyl group s having 1 or 

7 more carbon aiorri^ and hydrolyzable alkenyl groups having 1 or more carbon 

8 ' atom$; and ; ? ^ . \-_' 

9 R 2 is selected fix>in the gro^ consisting pf copolymerizable alkenyl substituents 
10 containing 2 or more carbon atoms. 

1 67 . (currently ameiided) The functiorial^ed zirconium oxide particles of claim 5 

2 wherein the organofunctional groups are hydrolyzable zirconates haying the following 

3 • general structure: /• : •. • • 

4 " -/'yr^ . • . 
,'<-. ' 5 • wherein ' V- . . • . /•:•'•:.. • V'.". ' '' ..• 

6 R 1 is selected from die group consisting of hydrolyzable alkyl groups having 1 or 

7 •. mo re carbon atoms and hydrolyzable alkenyl groups having 1 or more carbon 
, 8 atoms; and 

9 R 2 is selected from the group consisting of copolymerizable alkenyl substituents 

10 containing 2 or more carbon atoms. 
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1 68. (currently amended) The functionalized zirconium oxide particles of claim 6 



2 wherein the organofunctional groups are hydrolyzable zirconates having the following 

3 general structure: ' > ' v " ' 

4 • V"V.,;V R 1 -0-Zr-(OR 2 ) 3 

5 .wherein ... ' • ; ' 

6 R 1 is selected from the group consisting of hydrolyzable alkyl groups having 1 or 

7 more carbon ^lto^ls and hydrolyzable alkenyl groups having 1 or more carbon 

8 . ^toiiis; aild :':V^_-;v.'J. ".- ' ' 

9 R 2 is selected from the group consisting of copolymerizable alkenyl subjstituents 
10 containing 2 or mote; carbon atoms. 

1 69. (buircntly am<^dpd) l^c fijnctionalizcd zirconiurn oxide particles of claim 17 

2 wherein the org^ofUnptional groups arc hydrolyzable zirconates having the following 

3 general structure: ,'. . : : y \ ; '• ■ 

4 ' ■ •^VX^^ / . 

5 "wherein . ..." : "V ••' /• • ; - *: ■■. . •' 

6 R 1 is selected from the group opnsisting of hydrolyzable alkyl groups having 1 o r 

7 more carbon atoms and hydrolyzable alkenyl groups having 1 or more carbon 
■" 8 , atoms; and ; ' • •* \ 

9 R 2 is selected from ihe group consisting of copplynierizable alkenyl substituents 

10 containing 2 or more carbon atoms. 
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1 70. (currently amended) The functional izcd zirconium oxide particles of claim 

2 18 wherein the orgarioiunctional groups are hydrolyzable zirconates having the following 

3 general structure: 

4 R 1 -0-Zr-(OR 2 ) 3 

5 - wherein;- '■ 

6 R 1 is selected from the group consisting of hydrolyzable alkyl groups having 1 or 

7 tttor^^ and hydrolyzable alkenyl groups having 1 or more carbon 

8 : atorns; and './ ■ . ; - ' : . . ""• ';. 

9 R 2 is selected from the group consisting of copqlymcrizable alkenyl substituents 
10 containing 2 or more carbon atoms, 

1 71. (currently amended) The fiinctionalized zirconium oxide particles of claim 66 

2 wherein R 1 is selected from the group consisting of h ydrolyzable alkyl groups having from 

3 about 1 to atwut 9 carbon atoms. 

1 72. (ctoently amended) ^ 

2 wherein R- is selected from the group consisting of hvdroWzable alkyl groups having from 

3 about 1 to about 9 carbon atoms. ; 

1 73. (currently amended) The fimctionaUzed zir^iuum oxide particles of claim 68 

2 wherein R 1 is selected from the group consisting of hydrolyzable alkyl groups having from 

3 about 1 to about 9 carbon atoms. 

1 74. (currently amended) The fiinctionalized zirconium oxide particles of claim 69 

2 wherein R 1 is selected from the group consisting of hydrolyzable alkyl groups having from 

3 about 1 to about 9 carbon atoms. 
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1 75. (currently amended) The functionalized zirconium oxide particles of claim 

2 70 wherein R l is selected from the group consisting of hydrolyzable alkyt groups having 

3 from about 1 to about 9 carbon atoms. 

1 76. {withdrawn) Tlie functionaliz zirconium 6xi<le particles of claim 2 wherein 

2 the organofujictional coupling agents comprise moieties selected from the group consisting 

3 of neopentyl (diallyl) oxy tniiiethacryl zircohates, neopentyl (diallyl) oxy triacryl zirconates, 

4 and aluminozirconates having the following general structure: 

. . : .\ :v : - ' - v ; / \" ^ : " ; . : ■ ; ■ 

6 wherein R 3 is selected from the group consisting of copolymerizable alkenyl groups and 

7 carbc^xy functional substituents containing 1 or more carbon atorns. 

1 77. (withdrawn) The fiinctionalized metal oxide particles of claim 5 wherein the 

2 organofunctional coupling agents Emprise from the group consisting of 
3. neopentyl (diallyl) oxy trimethacryl zirconates, neopentyl (diallyl) oxy triacryl zirconates, 
4 and aluminozirconates having the following g^ei^ stmcture: wherein R 3 is selected from 
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5 the group consisting of copolymerizable alkenyl groups and carboxyfiinctionai substituents 

6 containing 1 or more carbon atoms. 

1 78. (withdrawn) The functionalized zirconium oxide particles of claims 6 wherein 

2 the organofunctional coupling agents comprise moieties selected from the group consisting 

3 of neopentyl (diallyl) oxy trimerthacryl zirconates, neopentyl (diallyl) oxy triacryl zirconates, 

4 and aluminozirconates having the following general structure: 



HO 6 OH 



Al Zr-.OH 



6 wherein R 3 is selected from the grtiup consisting of copolymerizable alkenyl groups and 

7 / qarboxyflmction^ sub$tituerits containing 1 or more carbon atoms. 

1 79. (withdra\AmJ oxide particles of claim 17 wherein 

2 the organofunctional coupling agent comprise moieties selected from the group consisting 

3 of neopentyl (diallyl) oxy tiimethacry I zirconates, neopentyl (ciialiyl) oxy triacryl zirconates, 

4 and aluminozirconates having the following general structure: 
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HO O OH 

\/\/ 

Al Zr -'OH 



; '.■ : -. . < : : V'-' : - : : :->'' ; v y . ■^^'^^^V^^^^f^-K/ VV. '-'V: ■ ' 

6 Wherein R 3 is selected from the group consisting of cbpolymerizable alkenyl groups and 
1 , carboxyfiinctional siibstituehts containing 1 or niore carbon atoms, 

1 80. (withdrawn) The functionalized zirconium oxide particles of claim 18 wherein 

2 the organofunctional coupling agents comprise moieties selected from the group consisting 

3 of neopentyl (diallyl) oxy trimethacryl zirconates, neopentyl (diallyl) oxy triacryl zirconates, 

4 ; "' 



H 

HO O OH 



Al Zr-OH 



O O 

A / 



R3 
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6 ■'■ ' " ■ ■ • • , VV'V;.-- ' ; - ; ■'- . 

7 wherein R 3 is selected from the group consisting of copolymerizable allcenyl groups and 

8 carboxyfunctional substituents containing 1 or more carbon atoms. 

1 81, (withdrawn) The fonctionalized zirconium oxide particles of claim 2 wherein 

2 said organofunctional coupling agents ajre metliacryloxy alumihozirconates. 

1 82. (withdrawn) The fiinctionalized zirconium oxide particles of claim 5 wherein 

2 said organofunctional ooupling agents are methacryloxy aluminozircOnates . 

1 83. " • (withdrawn) The fiinctionalizbd izircoriium Oxide; particles of claim 6 Wherein 

2 saidor^ 

1 ( 84. (withdrawn) The fUnctionalized zirbonium metal oxide particles of claim 17 

2 wherein said orgahoiunctional coupling agents are methacryloxy ^luminozirconates. 

1 85 v (withdrawn) The functionalizcd iriroonium oxide particles of claim 18 wherein 

2 said organoftlnctional coupling agents are methacryloxy a 
■ 1 86. (currently amended) Fii^ 

2 surfaces comprising a total quantity of hydroxy! groups comprising a complexed 

3 fraction of hydroxyl groups comprising a reactive portion of hydroxy! groups 

4 and a less reactiveportioh of hydroxy 1 groups; 

5 said reactive portion of hydroxyl groups being complexed with functionalities 

6 selected from the group consisting of functionalities with high stcric 

7 hindrance, functionalities with low steric hindrance, and a combination 

8 '.' thereof; 
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9 said less reactive portion of hydroxyl groups being completed with said functionalities with 

10 s<iki groups having a low steric hindrance; 

11 wherein one or more of said functionalities with high steric hindrance and said 

12 functionalities with low steric hindrance is bound to the oxide surface via an 

13 ester linkage to a phosphonate group. 
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1 87. (previously presented) The functionalized zirconium oxide particles of claim 

2 2 wherein one or more of said orgstnoftinctional coupling agent and said mobile adhesion 

3 promoter is bound to the oxide surface via an ester linkage to a phosphonate group. 

1 88. (previously presented) The functionalized zirconium oxide particles of claim 5 

2 wherein one or more of said organofunctional coupling agents and said mobile adhesion 

3 promoter 1 is boimd tp die ^ via an ester linkage to a phosphonate group. 

; 1 .\% 89. {previously preseajted) The fiinctionalized zirconiurn oxide particles of claim 6 

2 wherein one or more of s^d ft^ Agents and said less reactive 

3 functionalities is bound to the oxide Surface via ail ^ter linkage; to a phosphonate group. 

1 90. (previously presented) l^e fun particles of claim 

2 17 wherein one or more of said organofunctional coiiplinjg agents and said less reactive 

3 functionalities is bo 

1 91. deviously presented) The fiihctiorialized zirconium oxide particles of claim 

2 1 8 wherein title or more of said Organofunctional coupling agents and said less reatti ve 

3 functionalities is bound to thci oxide surface via an ester HnJtage to a phosphonate group. 

1 92. (previously presented) The functionalized zirconium o*ide particles of claim 

2 86 wherein said phosphonate group comprises a silyl ester which may or may not comprise a 

3 polymerizable group. 

1 93, (previously presented) iTie fbnctionalized zirconium oxide particles of claim 

2 87 wherein said phosphonate group comprises a silyl ester which may or may not comprise a 

3 polymerizable group. 
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1 94. (previously presented) The functipnalized zirconium oxide particles of claim 

2 88 wherein said phosphonate group comprises a siiyl ester which may or may not comprise a 

3 polymerizable group. 

; 1 95. (previously presented) The functionalized zirconium oxide particles of claim 

v '2 89 wherein said phosphonate group comprises a silyl ester which may or may not comprise a 

^ • ' 3 polymerizable group; S'.. ■• • 

J 1 96. (previously presented) The fimctioii^ized ^iicopium oxide particles of claim 

v 2 90 wherein the phosphohate group comprises a &ilyl ester which may or may not oomprise a 

3 polymerizable group. .-v. : - - : / : 

1 97. . ^ The fi^etion^ claim 

2 .. 91 wherein the phosphonate group comprises a siiyl ester which may or may not comprise a 

3 polymerizable group. ^-i-.:^^-^ ; .;' •<;.'■•• 
: 1 98 (preyio^ 

2 vvheri^ group consisting of 

; 3 silanes, phosphonates s phosphates, chelating ^e^ alcohols, and ester 

.. 4 - linked fatty acids. " 

1 99. (previously presented) The fiinctionalized zirconium oxide particles of claim 2 

2 wherein Hie mobile adhesion promoter is selected from the group consisting of si lanes, 

3 phosphonates, phosphates, chelating agents, fatty acids, fatty alcohols, and ester linked fatty 

4 -acids.-- ; ', •• ' ' • ' v . ■ v-V"-'-' 

1 100. (previously 

2 wherein the mobile adhesion promoter is selected from the group consisting of silanes, 
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3 phosphonates, phosphates, chelating agents, fatty acids, fatty alcohols, and ester linked fatty 

4 acids. 

1 101, (previously presented) The flmctionalized zirconium oxide particles of claim 6 

2 wherein the mobile adhesion promoter is selected from the group consisting of silanes, 

3 phosphonates, phosphates, chelating agents, fatty acids, fatty alcohols, and ester linked fatty 
; , "'. 4 -. 'acids/ . ■ " ',' ../ / ; ., / ;■■ ."• • . . ' / ' 

1 102. (previously j>r^erited) : The functiohalized zirconium oxide particles of claim 

2 17 wherein the mobile adhesiori pirdmoter the group consisting of silanes, 

3 phosphonates, phosphates^ chelating agents, fatty acids, fatty alcohols, and cstCr linked fatty 
• 4 ././acids/ / „ ' :•. /.//V * /' • • •• ■■v-"-V- — : - : . /. • 

1 103/ (previous! y presented) The functionalized zirconium oxide particles of claim 

2 18 wherein the mobile adhesion prorhpter is selected from the group consisting of silanes, 

3 phosphonates, phosphates, bhelating agents, fatty acids, fatty sdcohols, and ester linked fatty 
/4 / acids. -' •: . . • - '' . " . .,'/•• j //// • './ • / ■. 

''. 1 104. (previously of claim 2 

2 wher^ fee mobile adhesion 

1 105. (previously presented) Th<? functionalized zirconium oxide particles of claim 5 

2 wherein the mobile adhesion promoter comprises dimethyl ethqxy vinyl silane. 

1 1Q6/ (previously ^ oxide particles of claim 6 wherein the 

2 mobile adhesion ^ 

1 107* (previously presented) The zirconium oxide particles of claim 17 wherein the 

2 mobile adhesion promoter comprises dimethyl ethoxy vinyl silane. . 
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1 108. (previously presented) The zirconium oxide particles of claim 18 wherein the 

2 mobile adhesion promoter comprises dimethyl ethoxy vinyl silane. 

1 109. (previously presented) The zirconium oxide particles of claim 1 having an 

2 average diameter of from about 1 0 to about 1 50 nanometers. 

1 110. (previously presented) The zirconium oxide particles of claim 2 having an 

2 average diameter of from about 10 to about 150 nanometers. 

1 1 1 1. (previously pfesentedy oxide particles of claim $' having an 

2 average diameter of from about 10 to about 1 50 nanometers. ■•. : v -..y. ; 

1 112- (previously presented) The zirconium oxide particles of claim 4 haying an 

2 average dianrie^^ 

1 113. (withdrawn) A c»ni|wsitibn comprising the zirconium b;xide particles of claim 

2 2 and a rnatri^ compiism 

3 polymerizable with Ui^ b coupling agent, "' : . 

1 114. (wi Adravm) A wmppsition comprising the ^coniyni biiide jparticles of claim 

2 5 and a matrix cprtir^sing at least one monomer comprising a polyrneirizable gfoujp which is 

3 polymerieable with the orga^ ; 

1 115. (withdrawn) A <>>inpb^tion comprising the zircbnixjrn oxide particles of claim 

2 6 and a matrix comprising at lea&t one monomer comprising a polymerizable group which is 

3 polymerizable with the orgahofunctioiial coupling agent. 
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1 116. (withdrawn) A composition comprising the zirconium oxide particles of 

2 claim 18 and a matrix comprising at least one monomer comprising a polymerizable group 

3 which is polymerizable with the oi^ariofunctional coupling agent. 

1 117. (withdrawn) A composite comprising the composition of claim 113 wherein 

2 said polymerizable group and said organpfunctional coupling agent are cppolymerizcd, 

\ 1 118. (withdrawn) A composite comprising the composition of claim 114 wherein 

2 said pdlymeriziable group and said pr^^bfimctipnaj coupling agent are copolymerized . 

1 - 1 19. (withdra\yiQ) A composite comprising the composition pt claim 1 1 5 wherein 

2 . said polymerizable group apd said organoi^cti^ are copolymerizcd. 

1 . ' •• •..120, (withdrawn) A composite comprising the com claim 1 16 wherein 

2 said polymerizable group and said drganof^ctionai coupling agent are copolyinerized. 

1 121. (withdrawn) The composite 113 <^mprising a dental restorative 

2 c^niposition; .. • . • • .' ,'/'.." y;" /• '• .'• .'• 

1 1 22. (withdrawn) "The composition of claim 117 comprising a dental restorative 

2 composition ■■•V-VV-. ' .'■ \ I " \y y-/-yV v r */ ;/"' v ; v . 

1 1 23. (withdrawn) The composition of claim 1 13 comprising a prototyping 

•;. 2 composition. ; : • \ •••;•/ ■ ~ 

I 124. (withdrawn) The composition of claim 117 comprising a prototyping 

; 2 compositibn. \ . ■ ->] "I /'.-v 'V v.;- 

1 125-127. (Canceled.) .. Vy;-; 
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1 128. (previously presented) The fimctionalized zirconium oxide particles p 

2 5 wherein the organofunctional coupling agents comprise moieties selected from the group 

3 consisting of neopentyl (diallyl) oxy trimethyacryl zirconates and neopentyl (diallyl) oxy 

4 triacryl zirconates. 

1 129.. (previously presente4) The J^ctionalized 2^oniu^ particles of claim 2 

2 Wherein the brganofuhctiprial coupling agents comprise inoieties selected from the group 

3 consisting of neopentyl {di^lyl) 6xy and neopentyl (diallyl) oxy 

4 triacryl zirconates- ; : : • . ; v.;- . ; / : ( '•' 

1 130. (previously 'faipes"^iat»3Ji ''7b0./'limc.tiQ^^^^iB^i'~ 39Jropniui»;-03cid^ jparti.oles - of iplAirri 

2 66 wherrein the c>rgark)ftincti^ porriprise moieties selected from the group 

3 consisting of neopentyl (diallyl) Oxy tnmetliyaciyi zirconates and neopentyl (diallyl) oxy 
. '", - '• ' 4 triacryl zircbnate$. '. ^ :-';V/'v;> : : : -'. ;^ /v- : ' : • .V' ; .'.-/V"; • '•. . • 'y]-: 

1 13L {previously |^^s of claim 

■ 2 TO 

3 wi^isting of n^pehtyl (diallyl) Oxy trimethy and neopentyl (diallyl) oxy 

4 triacryl zirconates. v ,y ;'v .•; ' -;.. : ' : ';v : :-.: •■''••->. : . V : .v."- • •' . - v 
■ •■"./• I " 132. (canceled) ■ \ ; V'-^- • .' • ' ' ' 

1 133. (currently am&i4^ 8 

2 wherein the organo functional ^oiipa- coupling agents comprise moieties selected from the 

3 group consisting of neopentyl (diallyl) oxy trimethyacryl zirooriates and neopentyl (diallyl) 

4 oxy triacryl zirconates. 
. 1 134. (canceled) • ' '.''V . - :.' • • . 
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1 135. (currently amended) The fiinctionalized m e tal zirconium oxide particles of 

2 claim 66 wherein the mobile adhesion promoter is selected from the group consisting of 

3 silanes, phosphoriates, phosphates, chelating agents, fatty acids, fatty alcohols* and ester 

4 linked fatty acids. 

3 , 136. (currently amended) The functionalized metal - zirconium o xide particles of 

2 claim 70 wherein the mobile adhesion promoter is selected from the group consisting of 

3 silanes, phb^hohates/ phosphates, chelating agents/ fatty acids, fatty alcohols, aiid est0r 

4 linked fatty adds. ; ; v \- •>..•/;":'' :• .• •; ; *. V V • : - '. : {: 

1 137. (cuirendy amended) Tlie functionalized metal- zirconium oxide particles of 

2 claim 71 wherein ifhe mobile adhesion promoter is selected from, the group consisting of 

3 silanes, phosphonates, phosphates, chelating agents, fatty acids, fatty alcohols, and ester 

4 ; linked fatty acids. ; r y. : : ; V- / • -\ •;• • •' • ■ > ■ -\ 

1 138. (currently amended) The funcUon^ized metals zirconium oxide particles of 

2 claim 75 wherein the mpb^ selected from the group consisting of 

3 silanes., phosphonates, phosphates, chelating agents, fatty acids, fatty alcohols, and ester 

4 ■ .linked fatty-acids, • . •"• \ >. ^ / -'. ': ■-. \ •.. -\ : - " 

1 1 39. (currently amended) The fuftctionalized rnetd - zirconium o xide particles of 

2 claim 130 wherein die mobile Adhesion promoter is selected from, the group consisting of 

3 silanes, phosphonates, pfc^ agents, fatty acids, fatty alcohols, and ester 

4 linked fatty acids. ^ ' " ;■ 
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1 140. (currently amended) The functiooalized metal - zirconium o xide particles of 

2 claim 131 wherein the mobile adhesion promoter is selected from the group consisting of 

3 silanes, phosphonates, phosphates, chelating agetits, fatty acids, fatty alcohols, and ester 
;■" 4 linked fatty acids. • " • r 

1 141. (canceled) . ; - : ,; ' ;/ • " 

1 1 42 . (currently amended) The motul functionali^ed 'zirconium oxide particles of 

2 claim 8 wherdn; said mobile a<&esion promoter comprises dimethyl ethoxy vinyl silane. 

1 ,143. (cUTTcrttly amended) The iybe^^tbnctionolized zJ tcbnium oxide particles of 

2 claim 10 wherein smd mobile adhesion promoter comprises dim vinyl silane. 

1 144. (curr^tly amended) The n io td l tunction^ilizcd 2drcohiurh oxide particles of 

2 claim 66 wher^n said tnpbiic adhesion promot^ comprises dim vinyl silane. 

1 1 45 . (currently amended) The lnetul funCrioErdlfeed zirconium: oxide particles of 

2 claim 70 wherein s^d mobile adhesion promoter comprises dimethyl ethoxy vi nyl silane. 

. 1 146. (cira The n^al-functio3iaiizC)d zircohiurri oxide particles of 

2 claim 71 wherein said mobile adhesion promoter comprise dimethyl ethoxy vinyl silane. 

1 147. (currently amended) The ffletal-fimctionaJized zirconium o xide particles of 

2 claim 75 wherein said mobile adhesion promoter comprises dint^thyl^ ethoxy vinyl silane. 
1 \ 148. (canceled) ■'•;';>.■■,.;.•■' ; , '• ' 

1 149. (currently amended) The metal- functionalized zirconium oxide particles of 

2 claim 
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1 150. (currently amended) The anetat -functionalized zirconium o xide particles of 

2 claim 130 wherein said mobile adhesion promoter comprises dimethyl ethoxy vinyl silane, 

•, • < 1 151. (currently amended) The motol functional feed zirconium o xide particles of 

2 claim 131 wherein said mobile adhesion promoter comprises dimethyl ethoxy vinyl silanc. 
1 152. (canceled) ,;. • -\ . ^ : ">; . '•/• \- .7 ; : - •.' ■ ■] :. . : ' 

:• 1 ' 153. (canceled) , 7/;v". . \ ■ . • . \"\^ , ' . ' -.V" .".■/ 

1 154. (previously preisent^ particles of claim 2 

2 wherein said compiexed fraction of hydrbxyl groups is about 50% or more of said total 
',■ • • 3 quantity of hydroxyl groups. • . v7 . yY.; : \; v * ■ • •' 

.< 1 155. (previously present^ particles of claim 5 V ; 

•'• ;2 wherein said compiexed fraction of hydroxy! ^ 50% or more of said total 

: : ;-'-v3 quantity of hydrbxyl groups. ' V -^v v ; -; v ■ : .^' / '"'f' - ; ;■' ;' • \ •' 

i 156. (previously pres^ted) Thp^fo oxide particles of claim 6 

: 2 wherein said compiexed fraction of ^ grbup? i$ ^oy< 50% or i more of said total 7; 

3 • quantity of hydroxy 1 groupis. ^v^^^^ ^^^^^^ ; ; ,•'•! ' ;.• ,> 

1 157. (previously present ziropniurri oxide particles of claim 8 

2 wherein said cbmpilexed^ of hydrbx^l groups is about 50% or more of said total 

3 quantity of hydroxyl groups* " . 

1 158. (previously present^) Th^ particles of claim 

2 76 wherein said compiexed fraction of hydroxyl groups is about 50% or more of said total 

3 quantity of hydroxyl groups. 
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1 159. (previously presented) The iunqtionalized zirconium oxide particles of claim 

2 149 wherein said completed fraction of hydroxyl groups is about 50% or more of said total 

3 quantity of hydroxyl groups. ' : J, 
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